S ‘m;mb 1947 _ "‘

® NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS o

TECHNICAL NOTE e o

No, 1288

FLIGHT TESTS OF AN AIRPLANE MODEL WITH A 62° SWEPT-BACK
WING IN THE LANGLEY FREE-FLIGHT TUNNEL. .

By Bernard Msdggin and Charles V, Bennett

; Langley Memorial Aeronautical Laboratory
’ Langley Field, Va, ;

~FE—

Washington
" May 1947
¥ N A C A LIBRAR.
_ ' LANGLEYMEMORIAL-AERON AU TIC AL
LABORATORY ~

Langley Field, VI._

t T . T T el . -



NATIONAT, ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1288

FLIGHT TESTS OF AN ATRPIANE MODEL WITH A 62° SWEPT-BACK
WING IN THE LANGILEY FREE-FLIGHT TUNNEL

By Bernsrd Maggin and Charles V. Bemnetlt
SUMMARY

A £light investigation has been made in the Langley free-flight
tunnel to determine the severity of the dynamic stebllity and control
problems assoclated with 62° sweepback. In the investigation a )
simplified mcdel having a 62° swept-back wing of aspect ratio .5 and
taper ratio 0.5 was used. In addition to the flight tests, force
tests and tuft tests were made to dstermine the static-stebllity and
wing-stall charecteristice, end calculations were made to determine
the boundary of zero dampwing of the lateral osclilation. .

The model was successfully flown over a limited rangs of 1ift
coefficients and, in general, the results indicated that the problems
associated with 629 ewespback were similar to those previously found
to be associated with L42C sweevback. The particuler model wing used
was found to be statically unsteble longitudinally at high 11ift
cosfficients when tested alcne, but the additlion of e horizontal tell
resulted in sstisfactory longitudinal stability except between 1ift
coefficients of 0.65 and 0.70 at which difficulty was encountered in
flight in establishing the corvect tunnel alrspeed and glide angle.

The lateral oscillations of the model appeared to be well demped
even for conditions which calculetions indicated were unsteble. The
large value of rolling moment due to sideslip affected the control-
lebility adversely, particularly when the directional stability was
low. These results indicated that, at least for alrplenes of low
relative densilty, the dihedral and vertical-tall design will be
determined more from considerations of controllability than of dynamic
lateral stability. The lateral control becams wealer wlth increasing
engle of attack, and flights could not be made at 1ift coefficients
greater than 0.85 because of insufficient lateral control.
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INTRODUCTION

Some of the stebility and control problems associated wlth
swept-back wings on alrcraft are discussed in reference 1. In order
to determine the significance and solution of some of these problems
in terms of actual flight behavior, & program of research hes been
undertaken In the Lengley free-flight tunnel with a serles of
swept-wing models. Damping-in-roll measurements for wings
having 2°, 42°, and 62° sweepback are given in reference 2, and the
low=-speed stabllity and damping in roll for & serises of wings of
different aspect ratio for 42° sweepback and 38° sweepforwerd are
glven in reference 3. The effect of espect ratic on longitudinal
stablility st the stall has been analyzed and is discussed in
reference 4. The flight behavior of a complete model having
the 42° swept-back wing of reference 1 was determined in the
Langley free-flight tunnel and is discussed 1n reference 5. In
the tests of reference 5 it was found that, in gensral, the problems
indicated in referende 1 existed,although the probvlem of obtaining
stable lateral oscilliations was not so difficult as was indicated.

In addition, however, at & 1ift coefficlent of approximately 0.7

the dynemic longitudinal behavior was found to-be unsatisfactory

and appeared to be asgoclated with flow changes over the high-aspect-
ratio wing used. In order to extend this work to higher sweep angles,
an inveastigatlon was underteken in the Langley free-flight tunnel
with a model having the 62° swept-back wing of reforence 2. The

wing aspect ratio was 2.5, -the taper ratic was 0.50, and the relative
density of the complete model was 9.69. Force tests, flight tests,
and tuft teste were made, and the results are given herein.

The flight tests were made at 1ift coefficients from 0.34
to 0.88 with various smounts of directional stability. Force tests
wore mads to determine the static stebllity characteristics of the
wing alone and of the complete model with verious sizes and locations
of the vertical tail. In addition, calculations were made to
determine the boundary of zero damping of the lateral oscillations
of the model to obtain a correlation with the flight-test results.

SYMBOLS

The forces and coefficlents were measured about the stability
axes., A diagram of these axes showing positive direction of the
forces and moments 1s given as figure 1.

B wing area, square feet

T
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of

o

(o]

2 o =

welght of model, pounds
eirspeed, feet per second
tall length, feet

wing span, feet

wing chord uhless otherwise noted, feet; measured in plane
parallel to plane of symmetry

mean asrodynemic chord, feet; msasursd in plane parallel to
/ b /2

plane of symmetry (:*

02 db

angle of sweepback of quarter-chord line of wing, dégrees

incidence, dsgrees

engle of attack, degrees
taper ratio (—---——\

rudder deflection, degrees

elevator deflection, degrees
pitching moment, foot-pounds
rolling mcoment, foot-pounds

yawing moment, fcot-pounds

Li t
1ift coerfficient f
as

drag coefficlent (é£§§
4

pltching-moment coefficlent

M
qSe



L NACA TN No, 1288

L
Cz rolling-moment coefficient <-<—1_S-‘F>
! N

C yawling-moment coefficlent ___\

n - aSh Y,

Cy lateral-force coefficient Lateral force)

: s 15]
o] mass density of air at stenderd corditions, slugs per
cuble foot :

q dynamic pressure, pounds per square foot

B angle of -sideslip, degrees

7 flight-path angle, degrees

angle of yaw, degrees (for force-test data, ¥ = -p)
¢ angle of roll, degrees
AS, b total aileron deflecticn (sum of deflections
(g_. =.O5) of right and left ailercns equal up end down)
v .
required tc produce a valus of -g% of 0.05, degrees '’
rb _
--2-;}; yawing angular velocity
i
%’% helix sngle generated by wing tip (rolling-velocity factor)
0-,'{5 rolling-moment cosfficient per degree deflection of one
a

oCy
aileron { -—=.

aaa /

K relative -denslty fector _m_>

PSH
m mess |
e
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m

Cn

acceleration due to gravity (32.2 feet per second per second)
radius of gyration ebout principel X-axls, feet
redius of gyration gbout principal Z-exis, feet

effective-dihedrel paramster; rate of change of rolling-
moment coefficient with angle of sidsslip, per degree

E

directionsl-stability parameter; rate of change of yewing-
moment coefficient with angle oi 3ideslip, per degree

&)

rate of change of yawing-moment coefficient with rolling-
4
o BCn
angular-velocity factor (:—-—

5 B
$ v/
rate of change of rolling-moment coefficient with rolling-

€\
angular~velocity factor
3 b
2V

rate of change of rolling-moment coefficlent with yawing-

S
angular-veloclty factor _QE%_
d 57

rate of change of yawling-moment ccsfficient with yawing-

3,

anglu_sr-veioclity factor %

&
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CYB effective sids-area paremeter, rate of change of lateral -~
force coefficient with angle of sideslip éE?L

R Routh's discriminant

Subscripta:

T tip

r root

t horizontal teil

APPARATUS

The flight tests were mede in the Langley free-flight tumnel,
a description of which is given in reference 6. The force tests
were made on the free-flight-tunnel six-component halance which
rotates in yaw with the model so thet all forces and moments are
measured about the stebility exes. (See fig. 1.) A description
of this balance is given in reference 7. - A photograph of the model
flying in the test section of the tummel is shown as figure 2.
Tuft tests of the model wing were made in the Langley 15-foot free~
spinning tumnel.

The model consisted of a wooden boom upon which ware mounted.
the sweph-back wing together with horizontal and vertical stebllizing
surfaces. (See fig. 3.) The wing had 62° sweepback of the quarter~-
chord line and a taper ratioc of 0.50. The airfoll sectlon ussed was
8 Rhode St. Genese 33 smection perpendiculsr to the 0.50-chord line.
This section was used in accordance with Langley free-flight-tunnel
practice of using alrfoil sections that obtein maximum 1ift
coefficients in the low-scale tests approximately equal to that of
a full-scele wing having conventional airfoil secticns. The
stabilizing surfeces were straight-taper unswept horizontal and
vertical talls having NACA 0009 airfoil sections. 'Two vertical tails
were tested on the model, one 10.6 percent of the wing area and
cne 5.25 percent of the wing area. Ths model was so constructed that
the directional stability could be changed by varying the vertical~
tail length. The geometric characteristice of the wverticel tails
and the vertical-tall lengtha tested are shown in figure 3.
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TESTS AND CALCULATIONS

Force tests were made to determine the 1ift, drag, and pitching-
mement characteristics through the 1lift range for the model wing
alone and for the complete model with -5 1ncidence of the horizontal
tail. Im addition force tests were made at +5 yaw over the 1ift
range with -10° incidence of the horizontel tail to determine the
lateral stability characteristics of the model wing and for the
complete model with vertical tail 2 mounted in position 1 and
vertical teil 1 in positions 1, 2, and 4. (See fig. 3.) All the
force tests were made at a dynamic pressure of 3.0 pounds pex squars
foot, which corresponds to a test Reynolds number of 336 000 based
on the mean aerodynemic chord of l 05 fest.

Tuft tests were made to study the flow patierm over the wing
alone throughout the 1ift range. These tests were made at a :
dynamic pressure of 2.8 pounds per square foot, which corresponds
to a test Reynolds number of 326,000. Photographs were taken of
the tufts on the upper surface of the wing at angles of attack
from -8° to 2

. Flight tests of the model with the center of gravity at 0.453
and 0.30¢ and with the incidence of the horizontal teill at —5° and —10°
were made for & lift-coefficient range from 0.34% to 0.88. For these
tests vertical tall 2 was mounted in position 1. (See fig. 3.)
Flight tests were also made at & 1ift coefficlent of approximately 0.6
with vertical tail 1 mounted in positions 1, 2, 3, and 4, In all
flights, ebrupt deflections of pgroximately +18° (total 36°) of the
ailerons, 5° of the rudder, and 5° of the elevator were used fox
centrolling the model. A complete description of the flight—testing
technique used in the Langley free—flight tummel is glven in reference 6.
The behavior of the model in flight under the various test conditions
was noted by visual observatlions and supplemented by motion—plciture
records,

Calculations were made by the wethod of refersnce 8 to determine
the boundary of zero damping (R = C) of the lateral oscillations
for a 1ift coefficlent of 0.6 to obtain a correlation with the
flight results. In the calculations, the product-of-inertia terms
were included in the equations as described in reference 9. The
aerodynamic, geometric, and mass charactesristics used in the
calculations are presented in teble I. The mass characteristics of
the model were obtained by measursments. The flight-path angle,
trim airspeed, and angle of attack for the 1ift coefficient of 0.6
were obtained from flight tests. The valuss of GYB and C ng

(tail 6ff) were obtained from force tests, and the values of the
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damping~in-roll psrsmster CZ were obtained from the experimental
P

data of reference 2. The values of the other etability perameters

were estimated from the data of reference 10 with some consideratlon

" being given to the effect of sweepback on these parameters.

RESULTS AND DISCUSSION

Force Tests

Longitudinal stability.- The resulta of the force tests to
determine the 1ift, drag, and pitching-moment characteristics of
the wing alone and of the complete model are shown in figure .
The dete presented show that the wing alone had unsatisfactory
static longitudinal stability characteristics at moderate and high
11ft coefficients as evidenced by the changes in the slope of the
pitching-woment curve and particularly by the increasing nosing-up
momsnts at 1ift coefficients greater than 0.6. The date also show
that the addition of a horizontal tall resulted in static longliudinal
stability up to an angle of attack of 24° corresponding to a lift
coefficient of 0.84. Reference 5 and unpublished wind-tunnsl data
indicate that the static longitudinal stability of swepi-back-wing
airplanes is critically dependent upon horizontal-tail position.
All the tests on the model having a 62° swept-back wing, however,
were made wlth the horizontal tall in the position shown in figurs 3.
This position gave statlic longitudinal stability.

Lateral staebility.- The results of force tests made to detsrmine
the lateral stability charecteristics of the model are presented in
figure 5 in the form of plots of the lateral-force parameter GY s

B

directional -atability perameter Cn , and the effective-dihedral

B
peremeter CIB agalnst angle of attack and 1ift coefficient. The

date ghow that the model wing had & variation of Cz with 1ift

: g
coefficient simlilar to that of the L2° swept-back wing of reference 5.
As in the cese of the 42~ swept-back wing, the addition of the
verticel tail to the 62° swept-back wing reduced the variation of C.,'[3

with 119t coefficlent because the vertical tail moves downward with

increasing angle of attack. The date also show that with tail off

the model hed approximately zero directional. stebility Cn throughout
. B
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the 1ift range. An increase in vertical-tail area or tall length
increased the directional stebility, as would be expected.

Flow Surveys

The results of ths flow surveys of the wing are presented in
figure 6. These data indicate that the general flow characteristics
throughout the 1ift renge are similar to those noted for the 42°
gwept-back wing (see reference 5) except that the progresslon of the
outflow at the higher lifts is much more gradual with increasing
angle of attack for the 62° swept-back wing. The more gradual
outflow of the 62~ swept-back wing resulted in = less ebrupt stall
as evidenced bg the 1ift curve of the 62° svwept-back wing compared with
that of the 42° swept-back wing. (See fig. 4 and reference 5.)

Flight Tests

Longitudinal stability.-~ The dynemic longitudinal stability
characteristice of .the model with the center of gravity at 0.453
was considsred satisfactory between 1ift coefficients of 0.35
to 0.65. In thies lift-coefficient range the model flew steadily
and all pitching motions ssemed to be heavily damped.

In flights made at 1ift coeificients between 0.65 and 0.70
some 4ifficulty was encountered in establishing the correct trim
airspeed and tunnel angle (which corresponds to the model Flight-
path angle). At times these settings appeared to be correct, but
the medel would tend to rise or fall in the tunnel suddenly and
without any apperent reason and thus require large changes in tunnel
angle and airspeed to maintein flight. Often the changes required
would be so large that they could not be made quickly enough to
prevent the model from crashing.

This erratic longitudinel behavior was very similar to that
noted in flight tests of the model with the 42° swept-back wing
between 1i1ft coefficients of 0.65 and 0.80 (reference 5). As in the
case of the 42° swept-back wing, this longitudinal flight behavior
is beolieved to be the result of the change in flow over the wing
at moderate 1lift coefficients (as indicated by the wing-slone
pitching-moment curve of fig. %) ocmbined with the variaticn of
the flight-path angle with 1ift coefficient. (See fig. 7.) This
erratic flight behaviocr of the model in the tunnel indicates that
although static longltudinal stability is provided by & horizontal
tail, airplenes with wings having abrupt chengss in pitching-moment
characteristics might heve unsatisfactory dynsmic longitudinal
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stabllity characterlstics. The unsatisfactory longltudinal stability
noted 1n the model flights might be evidenced in full-scale flight

by difficulty in maintaining steady £iight, which would be perticularly
dangerous at high lift coefficients.

As in the cese of the 42° swept-back wing, moving the center
of gravity forward 0.158 to increase the static margin (see fig. 8)
did not reswlt in an improvement in the longlitudinal-flight behavior
between 1ift coefficlents of 0.65 and 0.70.

In flights at 1ift coefficients between 0.70 end 0.88 the
Yongitudinal stebility was considered falrly satisfactory in that
steady flights could be made and ell pltching motions were well
damped. Flights were not possible at 1ift coefficients above 0.88
beceunsge of the lack of lateral control at these lift coefficlents.

Leteral stability.=- In the flights made with vertical talls 1

or 2 in position 1, the lateral stability cherscteristics were
satisfactory throughout the 1ift range investigated (0.34 to 0.88).

The leteral motions, predominantly rolling accompanied by a small
amount of yawing, were woll damped. In fact, the damping appeared to
be almost deadbeat. When the length of tall 1 was reduced (position 1
to 2) no appreciable changs occurred in the lateral stablliiy charac~
teristics of the model. The lateral motione still appeared to be

well demped end it was vexry difficult for the pilot to start a

lateral osclllation even though the model was rolled violently by
means of the allerons. Although the damping of the lateral oscillation
wag not noticeably reduced, the model was harder to control laterally
Pecause greater angles of sideslip were attained Inadvertently,which
in turn produced.lasrge rolling moments that opposed and at times
overpowered the alleron control.

With tail 1 mounted in positions.3 and 4 1t was imposeible to
obtaln flights of any duration end the pilot was unable to ascertein
the lateral stability characteristics of the model in detail, although
in none of the flights was there any dlscsernible oscillatory motion.
During teke=-off or in flight,if the model sideslipped largs rolling
moments were produced which the pillot could not overcoms with the
rudder and aileron controls eand the model rolled off and creashed
into the tunnel wall. The roll-off wes attributed to the low
directionel stability with these tail configurations combined with
lerge effective dihedral of the 62° swept-back wing at the 1ift
coefficlient of 0.60. The low directional stability permitted large
angles of sideslip to bo reached and the large effective dihedral
resulted in & large adverse rolling moment which opposed the alleron
rolling momente end weakensd the lateral control.
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The calculated boundary for zero damping of the lateral
oscillation is presented end correliated with flight-test results
in figure 9. The calculated date,which predict instadility for
tail 1 in positions 2, 3, end L4, disagree with the £light-test
results, which indicated stability for taill 1 in position € and
which showed no unstable oscillations with teil 1 at positions 3
and L4 even though long flights were impossible with these
tail positions (positions 3 and 4) as has been noted. The
dlsagreement between the flight tests and the calculated boundery
is attributed in part tc the lack of expserimentel date on some of
the rotary derivatives used in the calculations. For example,
some recent unpublished experimental data taken in the Langley
stability tunnel on one 60° swept-back wing showed that the
derivative C, varled in an unconventional manner with angle

P .
of attack and, for moderate and high angles of attack, was of
opposite sign to that normally used. Calculations indicate that
such a change in the value of CnP in the present case would

cause the oscillatory-stability boundary to shift downward into the
range of negative values of Ch - This changs would bring the
B

calculations into better egreement with the flight teste. These
results empheslize the need for more experimental date on the rotary
derivatives of highly swept wings.

Lateral control.-~ In the flights made over the 1lift renge tested
the aileron rolling effectiveness was seen to vary appreciably. At
low 1ift coefficlents (0.34 to 0.40) the aileron control was considered
satisfactory when the directionsal stability was adequate. DBetween
11ft coefficients of 0.40 and 0.50 the aileron control became
Progressively less effective. At 1ift coefficients from 0.50 %o
approximately 0.80 the ailerons became slightly more effective
although never so powerful as at the lower lift coefficients. From
1lift coefficients of 0.80 to 0.88 the lateral contwrol sgain became
weaker and at 1ift coefficient greater than 0.88, flights were
impossible because of the complete lack of lateral control. At the
trim 11ft coefficient of epproximately 0.50 the alleron effectiveness
appeared to vary during flight. Changes in air flow over the wing
in this lift-ccefficient range are belisved to be & contributing
factor. Data from reference 1, showing the variation in aileron
rolling effectiveness with 1lift coefficient for the wing tested, are
presanted 1in figure 10. These date, which were obtained from static
tests and damping-in-roll tests, show changes in aileron rolling
effectivensss with 1ift coefficient similar to those noted in the
flight tests.
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CONCLUDING REMARKS

The results of force and flight tests of an airplane model
with a 62° swept*back wing in the Langley free-fiight tunnel &re
summarized as follows: :

- 1. In general, the problems of obteining satisfactory stebility
and control with the 62° swept-back wing were similar to those for
the 42° swept-back wing although loss of ailleron control et high
1ift appeared to be more serious R
e -

2. A horizontal tail was effective in making a 1ong1tudinally
ungtable wing stable although objectionable dynamic motions wers
encountered at 1lift ccefficients of 0.65 to 0.70 which were believed
to be assoclated with the change in flow over the wing.

3. The lateral omcillations of the model appeared to be well
demped even for conditions which calculatione indicated were unstable.
This disagreement was attributed in part to the lack of experimental
data on some of the rotary derivatives used in the calculations.

k. At low and moderate 1lift coefficlents, the latersl control
of the model was satisfactory when the directional stability was
adequate but was uvnsatisfactory with low dlrectional stabllity because,
in these cases, inadvertent sideslipping introduced rolling momsents
vhich at times overpowered the alleron rolling moments. This effect
wes especlally bad for the model testsd because of ths large value
of rolling moment due to sideslip assoclated with the swept~back
wing. Thess results indlcated that, at least for airplanes of low
relative density, the dihedral and verticel-tall design will be
determinied more from considerations of controllability then of
dynamic leteral stability.

5. As the 1ift coefficient was increessed the lateral control
became weeker and flights could not be made at 1ift coefficients
above 0.88 because of insufficient lateral control.

Langley Memorial Asronautical Laboratory
National Advisory Committee for Asronautics
Lengley Field, Va.; December 19, 196
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TABLE I

CHARACTFRISTICS OF AIRPLANE MOTEL WITH 62° SWEPT-BACK WING
USED IN THE CALCULATIONS OF THE BOUNDARY OF ZERO
DAMPING OF THE TATERAL OSCILLATIONS (R = 0)

{The principal axes of inertia are assumed o
correspend to the body axes of the model]

GLIIA-----Ao:lt--uno_-u_n-n--u_‘On6
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b’ ft . . . L] L] - . - . - L . . - L] . L] L] L L] L[] . . L] L] 2.5

W/s, 1b/sq £t

-
-
-
.
-
-
.
-
.

p, slugs/cu £t . . e e e e e e e, 0.002378
Y, FE/BOC + « v v e b e e e e e e e e e e e e« k96
N
R L 1

Cz " 5 & 4 e 2 & s s s 8 s a2 s e au v o 0-156 -0-38301‘181-J il
’ &

o} ...............t_.-o.olm5-o.3830n|a
: tail

CZ L R T S S L T e e O I T S ST S _-0'15

1
C LI T T T S S O -0-0096 - 2‘0
b nBtail

Cf. = v v ot h e e e e .., +0.0015 = 0.95Ck
B Pia1l
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Figure 2.- Airplane model with 62° swept-back wing in flight in the
Langley free-flight tunnel.
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